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(54) Impact energy absorptive structure 

(57) An impact energy absorptive structure is made 
of plastic materials suitable for moulding processing, and 
is designed to suit different degrees of impact loading 
anticipated in various applications. The impact energy 
absorptive structure is composed of a base member 11 
and protruding rib members including long and short 
member, In which the proportion of the cross sectional 
area of the long rib members is between 0.3 to 0.8 of the 
total cross sectional area of the rib members. Other de- 
sign modifications can be made readily to customize the 
impact resistance of the impact energy absorptive struc- 
tures. 
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Descrlpti n 

The present invention relates in general to internally mounted impact energy absorptive structures, such as in au- 
tomobiles for protecting a crew when an impact loading is given from the outside, and relates in particular to an impact 
5 absorptive internal structures having controllable impact absorptive characteristics. 

Impact absorbing structures are disclosed ia for example, Japanese Utility Model Application. Second Publication, 
H5-410. Japanese Utility Model Application, First Publicatbn, H3-13251. Japanese Utility Model Application, First Pub- 
lication.' H3-49110 and Japanese Utility Model Application, First Publication. H3-49111 . which are based on styrene or 
urethane foams disposed at certain strategic locations within a passenger automobile. 
10 The type of construction used in these conventional impact absorbing structures is based on encasing impact ab- 

sorbing members in plastic parts. Because o1 such dual structures, the final cost of the impact absorbing structures is 
high, and their assembly steps are also increased. 

An approach to remedy such a problem is disclosed in documents such as Japanese Utility Model Application, First 
Publication. H4-128912. and Japanese Utility Model Application. First Publication, H6-72153 which disclose a structure 
IS in which plastic rib members themselves act as impact absorbing structural members. 

However, the characteristics required for impact absorbing members should be different for different applications, 
and these publications do not disclose any specific designs for the rib structures to judge whether the impact absorbing 
structures can be customized to suit the conditions encountered in their applications. 

It is an aim of the present invention to provide an impact energy absorptive structure whose impact resistance 
20 properties can be customized to the requirements of an application by providing a designing concept of specially shaped 
rib members. 

Another aim of the present invention is to provide an impact energy absorptive structure having designs applicable 
to the application which can be manufactured by using conventional plastic materials 

According to the present inventbn there is provided an impact energy absorptive structure having a plurality of rib 
2S members for absorbing impact energy, said ribs protruding from a base member in a direction of expected impact loading 
and being shaped to suit an anticipated impact load to be absorbed by said impact energy absorptive structures. 

The present invention can provide such a structure further comprising: 

long rib members and short rib members; 
30 wherein the ratio of the cross sectional area of the long rib members to the total cross sectional area of the long 

and short rib members, measured in a plane perpendicular to the direction of expected impact loading, is in a range 
between 0.3 to 0.8. 

In such construction with the rib members made of long and short members, in the initial impact loading stage, the long 

35 rib members begin to collapse first before the short rib members are contacted with the impact loading. This design 
prevents a high initial peak of impact load during the initial contact of the impact loading with the energy absorbing 
member. By adjusting the initial impact loading cross sectional area of the long rib members to 0.3 to 0.8 of the total 
cross sectional area of the rib members, the initial peak of impact load may be lowered to the average load during the 
defonnation of the impact energy absorptive structure. The interior members to be protected from extensive shocks 

40 therefore can be made to experience varying degree of subsequent moderate impact. 

Another impact energy absorptive structure can be made by rib members having a constant width, and arranged 
in a uniform pattern as well as protruding from a base member, but the rib members are provided with a cut-out section 
so as to leave a cross sectional area of the members appropriate with anticipated impact loading. By choosing a proper 
size of the cut-out section, the impact energy to be absorbed can be adjusted to suit while maintaining the uniformity of 

45 loading on the base member itself. The regularly arranged rib member having a constant width is made to facilitate easy 
manufacturing to suit the application. The capacity of the impact absorptivity can thus be adjusted to suit the application. 

A modification of the impact energy absorptive structures above-mentioned can be made by providing cut-out sec- 
lions to be formed in accordance with a design on a plane parallel to a direction of impact loading. 

In this case, the strength of a portion nearby the cut-out sections formed on the plane parallel to the direction of 

so impact loading is intentionally weakened, therefore, when the impact loading is uniformly given, a deformation of said 
portion becomes greater than that of the other portion. 

An aspect of the cut-out section is that it is provided by removing intersections of lattice points formed by the ribs, 
thereby enabling to provide a large amount of impact energy to be absorbed with a minimum creation of the cut-out 
sections. 

55 An aspect of the cross sectional area of said rib members is that it varies in a designed pattern along the direction 

of impact loading. 

The designed pattern mentioned above is such that an cross sectional area of the rib members increases from a 
tip portion of the rib members towards a base member of the impact absorptive structures This structure has an effect 
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that low impact loads are absorbed at th tip of the rib members while high impact loads are absorb d by collapsing the 

structures close to the base member . ^-.^^ 

An aspect of the width of the rib members is that the width can be arranged to increase from the tip portion to the 
base member to facilitate removal of the manufactured structures from the mold. 
5 Another aspect of the impact energy absorptive structures is that a constant cross sectional area may be utilized 

in a direction of impact loading, 

thereby providing a relatively constant resisting force of the collapsing impact energy absorptive structures. 

10 An aspect of the rib members is that they may be shaped so that a thickness of the rib member decreases from a 

base member towards a tip portion of the rib members and is provided with a cut-out section having a width which 
increases from the tip portion of the rib members towards the base member. This type of construction facilitates mold 
making while providing constant resistance of the collapsing impact energy absorptive structures. 

A modification of the impact energy absorptive structures above-mentioned is such that a width of the rib members 
15 increases from a tip portion of the rib members towards a base member, which would provide increasing resistance of 
the collapsing impact energy absorptive structures. 

Another modification of the impact energy absorptive structures provides: a base member: and a plurality ot inter- 
secting rib members for absorbing impact energy by defomnatton of the rib members which is made of a resin integrally 
with the base member and protruding from the base member in a uniform arrangement in a direction of impact loading, 
20 wherein a cul-out section is provided to a designed location of the rib members so as to adjust impact absorptive char- 
acteristics of the impact energy absorptive structures. 

By providing properly chosen cut-out sections within the energy absorbing member, it is possible to customize the 
resistance properties of the collapsing impact energy absorptive structures. 

An aspect of the impact energy absorptive structures is that the cut-out section is formed in accordance with a 
25 design on a plane parallel to a direction ot impact loading. 

The cut-out section may be provided by removing intersections of lattice points formed by said rib members. 
The cut-out section may be formed in a direction of impact toading. 

An aspect of the cutout section is that it may be provided with a cross sectional area which vary In a designed 
pattern along a direction of impact loading. 
30 An aspect of the designed pattern is designed so that the cross sectional area of the intersecting nb members 

increases from a tip portion of said rib members towards the base member 

An aspect of the impact energy absorptive structures above-mentioned is that a width of the rib members increases 
from the tip portion towards the base member 

An aspect of the impact energy absorptive structures above-mentioned is that the designed pattern is a constant 
35 cross sectional area in a direction of impact loading. 

A final aspect of the impact energy absorptive structures as represented in the basic structure and all its modifications 
is that the cross sectional area of the rib members can be chosen to suit an anticipated impact load absorbed by the 
impact energy absorptive structures. ^, i. , 

The material for making the impact energy absorptive structures of the present invention is preferably a thermoplastic 
40 resin The material may be chosen from thermoplastic resins such as polyethylene, polypropylene, polyvinylchloride. 
nylon polycarbonate, polyethylene-telephthalate, PMMA ABS resins and their modifiers, polymer alloy or thetr mixtures. 
Among these, polyolefin resins such as homopolymers of ethylene and/or propylene, or copolymers of them with other 
copoVmerizable components such as alpha-olefin are preferred, and polypropylene resins are even more preferable. 
Especially preferable is a thermoplastic resin composition comprising components (A) and (B) as defined next. The 
45 component (A) is an ethylene-propylene block copolymer containing 10 to 30 % by weight of an ethylene-propylene 
copolymer portion having ethylene content of 20 to 60 % by weight, preferably 30 to 50 % by weight. The component 
(B) is either an ethylene-propylene copolymer rubber or an ethylene-butenel-l copolymer rubber In said thermoplastic 
resin composition of components (A) and (B), the amount of (A) may range between 80 to 100 % by weight and the 
corresponding remaining amount of (B) may range between 20 to 0 % by weight. The total amount of the component 
50 (B) and the ethylene-propylene copolymer portion in the component (A) is 1 5 to 40 % by weight, per 100 % by weight 
of the sum of the components (A) and (B). The melt index (Ml) of said thermoplastic resin composition of components 
(A) and (B) is 5-50 g/IOmin,, preferably 10-35 g/IOmin. 

Such a thermoplastic resin or thermoplastic resin composition may contain fillers, such as talc, mica and glass fiber, 
and conventional additives, such as antioxidants. UV absorbers, anti-flammable agents and coloring agents, as needed. 
55 The invention will now be described by way of example and with reference to the accompanying drawings in which: 

FIG. 1 is a schematic drawing of a first embodiment (PE1) of the impact energy absorptive structures of the present 
invention; 
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FIG, 2 is a schematic drawing of a first comparison example (CM1) of the impact energy absorptive structures; 
FIG. 3 is a schematic drawing of a second embodiment (PE2) of the impact energy absorptive structures of the 
present invention; 

FIG. 4 is a schematic drawing of a third embodiment (PES) ot the impact energy absorptive structures of the present 
5 invention; 

FIG. 5 is a schematic drawing of a fourth embodiment (PE4) of the impact energy absorptive structures of the present 
invention; 

FIG. 6 is a schematic drawing of a fifth embodiment (PES) of the impact energy absorptive structures of the present 
invention; 

10 FIG. 7 is a schematic drawing of a sixth embodiment (PE6) of the impact energy absorptive structures of the present 

invention; 

FIG. 8 is a schematic drawing of a second comparison example (CM2) of the impact energy absorptive structures; 
FIG. 9 is a schematic drawing of a seventh embodiment (PE7) of the impact energy absorptive structures of the 
present invention; 

IS FIG. 10 is a schematic drawing ot an eighth embodiment (PES) of the impact energy absorptive structures of the 

present invention; 

FIG. n is a graph showing the results of impact absorbing tests for the impact energy absorptive structures of the 
present invention; and 

20 The PE 1 to PES and CM1 to CM2 are shown in Tables 1 and 2. 

Embodiments 1 to 5 were developed based on a first series of experiments. In the drawings for the following em- 
bodiments, the structure of the impact energy absorptive structures is presented schematically and the thickness of the 
various structures is not shown in the drawings. In all cases, impact loading is applied vertically and the top of the 
structures is the first point of contact with an impact load. 

25 FIG. 1 is the structure of the impact energy absorptive structures (shortened to IAS hereinbelow) of embodiment 1 . 

Th IAS shown in FIG. 1 comprises the rib members having a constant width arranged in a uniform lattice pattern and 
protruding from a base member. The lattice pattern is designed as a 2x3 lattice configuration. That is, an IAS comprises 
the lattice including a base member 11 . longitudinal side plates (outer rib) 12 and transverse side plates (outer rib) 13 
protruding vertically from the base member 11. a middle plate (inner rib) 15 parallel to the side plates 12, and middle 

30 plat s (inner rib) 14 parallel to the side plates 13. The middle plates 14. 15 are shorter than the side plates 12, 13. 

The rib length (height) is denoted as LI for the side plates 12, 13, and as L2 for the middles plates 14, 15. The rib 
length LI and L2 are 60 mm and 55 mm, respectively. This design was adopted so as to absorb impact load in two-stages. 
The thickness of the rib members is such that the thickness of the tip portion 16 is 0.8 mm, and 1.5 mm at the base 
member, forming a slight taper from the base member to the tip portion. This is a limitation necessarily imposed by the 

35 need to remove the IAS from the mold used in injection molding process for manufacturing the IAS. The inter-cell spacing 
is 35 mm. 

The material for manufacturing of the IAS was in a form of pellets comprising the ethylene-propylene block copolymer 
containing 28 % by weight of ethylene-propylene copolymer portion which has ethylene content of 40 % by weight. The 
melt index (Ml) of the pellets is 15 g/10 min. The proportion of the cross sectional area of the long rib members is 0.59 
40 of the total cross sectional area of the rib members of the IAS. 

The ethylene content was detemnined according to the IR spectrum method described in "Polymers Handbook" pp. 
256 to 257, (ii) Block Copolymers" published by Asakura Publishing, 1985. 

The following Table 1 shows the results of impact strength tests carried out on the samples made in embodiments 
samples (PE) 1 to 5 compared with a comparison sample (CM) 1. 
^ Impact strength tests were conducted by using Instrumented multiaxial impact loading tester (Dart Drop Graphic 

Impact Tester, Mode! A, Toyo Seiki Co. Ltd.). The load was measured with a load celL and the dart tip was modified to 
a disk loader having 120 mm in diameter and 10 mm in thickness). The load of 6.4 Kg was dropped from a height of 1 .5 
m, producing an initial impact velocity of 5.4 m/s. 

so 
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Table 1 



5 


Sample No, 


Av . Load 


Ini. Peak Value 


Max . Def . Load 






4400 


4600 


4700 


10 


CMl 


4600 


7400 


4900 




PE2 


3500 


4000 


3500 


15 


PE3 


3200 


3100 


3500 




PE4 


4200 


4500 


660O 




PES 


4000 


3100 


6400 


20 











Notes: PE (preferred embodiment:); CM (comparison) Av. Load 
25 (average load) Ini. Peak Value (initial peak value); Max. Def. 
Load (load at maximum deformation). All values in newtons. 

30 In Table 1 . the average load refers to an average of the readings taken with the load cell, and the initial peak value 

refers to a peak \oa6 reading during the initial impact loading stage. Load at maximum deformation refers to a load 

reading, which was registered by the load cell, at the time of maximum deformation. 

In PE 1 (FIG . 1 ), the process of impact energy absorption begins at the tip portion 1 6' of the side plates 1 2, 1 3 receiving 

the first impact loading. In this condition, the tip portions 16 of the middle plates 14, 15 have not yet made contact with 
35 the loading surface. Therefore, only the side plates 12,13 receive the load. The cross sectional area of said rib members 

12.13 resisting the deformation is small, and plastic deformation occurs quickly to absorb the initial peak of impact load 

to provide quick protection to human body. 

FIG. 2 is the stmctures of CMl . The structures of CMl is such that for the base member 1 1 there are side plates 

12. 13, middle plates 14. 15 but the dimension of their lengths (heights) is uniformly 60 mm. Other dimensions of CMl 
40 are the same as those for PE1 , as are the material and manufacturing method. The result in Table 1 shows that CMl 

exhibited a higher initial peak of impact load under identical testing conditions. 

FIG. 3 shows the IAS of PE2. This IAS has the rib members of 0.8 mm thickness distributed uniformly in a lattice 

pattern, and a cut-out section (or vacant region) is provided by removing intersections lattice points formed by the middle 

plates 14. 15 shown in FIG. 1 . The vacant region is defined by the dimensions B1 for the regions of the middle plate 14 
45 and B2 tor the regions of the middle plate 1 5. The structures also comprises a base member 1 1 . side plates 12, 1 3, the 

latter two are the same as those shown in FIG. 1 . The cross sectional area of the rib members are designed to absorb 

the energy of the anticipated impact load. The material and the method of manufacturing ot the IAS is the same as those 

in PEL 

An advantage of PE2 is that the thickness of the rib members and the spacing of the lattice can be adjusted to suit 
50 the anticipated impact loading. The thickness of the rib members has a certain lower limit for convenience of the man- 
ufacturing process. Impact loading is received by the base member 11, so the rib spacing or the lattice spacing cannot 
be made too large and certain spacing is required. By removing portions defined by B1 and 82 in the middle plates 14 
and 1 5 to reduce the cross sectional area, it becomes possible to provide a resisting area to adjust the resisting strength 
of the IAS to suit the magnitude of the anticipated impact loading. By providing the vacant region, intersections of lattice 
55 points of the middle plates 14, 15 are removed and the result is a reduction in the inifal peak of impact load. 

The results of testing PE2, carried out under the same conditions as for PE1, shown in Table 1. indicate that the 
average load decreased, consistent with decreased cross sectional area of the IAS. and its initial peak of impact load 
also decreased. 
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FIG. 4 shows the IAS of PE3. This IAS has the sam vacant-centers, B1 and B2 as in PE2, and the lengths (heights) 
L2 of the rib members 14, 15 are made shorter as in PE2. The side plates 12, 13 are the same as in PE1 and PE2. 

The results of testing PES, carried out under the same conditions as for PE1. shown in Table 1, indicate that the 
average load decreased, consistent with the decreased cross sectional area of the IAS, and the initial peak of impact 

5 load is equal to the average load value. The properties of the IAS of PES is as if a mixture of the I ASs of PE1 and PE2. 

FIG. 5 shows the IAS of PE4. This IAS has a latticed-configuration of side plates 12, 1 3 as in PE1 and has a vacant 
center such that the rib members of 0.8 mm in thickness at the tip portbn protruding from the base member 11 are 
uniformly arranged. The shape of the rib members is such that the width CI at the tip portion is narrower than the width 
C2 at the base member. The material and the manufacturing method are the same as in PE1 . 

10 The cross sectional area of the rib members is designed so as to absorb impact loading gradually increased. The 

shape is suitable to increasing resistance of the rib members as the deformation progresses, which represents a desir- 
able impact absorbing behaviour of the IAS. The vacant-regions B1 . B2 of the middle plates 14, 15 and the changing 
dimensions from 01 to 02 combine to produce a desirable impact absoriDing behavior. The results of testing PE4, under 
the same conditions as in other samples, reported in Table 1 . demonstrate that the initial peak of impact load is reduced 

IS while offering high energy absorption. 

FIG. 6 shows the IAS of PES. This IAS has a latticed-configuration of side plates 12. 1 3 as in PE1 and has a vacant 
center such that the rib members of 0.8 mm in thickness at the tip portion protruding from the base member 11 are 
uniformly arranged. The shape of the rib members is such that the width 01 at the tip portion is narrower than the width 
02 at the base member. The rib lengths (heights) L2 of the middle plates 14, 15 is made short as in PEL The material 

20 and the manufacturing method are the same as in PEl . 

The cross sectional area of the rib members is designed to offer increasing resistance to deformation as the impact 
loading is applied and the structures collapse. By providing the vacant regions B1 , B2 and making the middle rib members 
14, 15 short, initial peak of impact load is reduced. By increasing the rib width gradually from 01 to 02 and thereby 
increasing the cross sectional area, a desirable pattem of impact resistance can be obtained. 

2S Table 1 presents the results of testing PES under the same conditions of testing for all others. 

Next, a second series of testing lASs having a second basic configuration shown in FIGS. 7 to 8 will be explained 
with specific reference to PES, PE7 and PE8. The difference between the first and second series lASs is that in the 
second series I ASs have a rib length (height) of 80 mm, the thickness of tip portion of 0.6 mm and a lattice configuration 
of 2x2. The facts that the thickness of the tip portion of the rib members is smaller than that at the base member that 

30 an expanding tapered shape of the rib members is towards the base member, other dimensions, material and the man- 
ufacturing methods are the same as in the first series. 

FIG. 7 shows a structure of the IAS of PE6. The IAS of PE6 has side plates (outer rib) 12A of length (height) LI, 
middle plates (inner ribs) 1 4A of length (height) 12 where L1 >L2. The proportion of the cross sectional area of the long 
rib members is 0.3 of the total cross sectional area of the rib members which corresponds to PEl in the first series, and 

3S the effects of the rib members in offering resistance to deformation are the same as PEl . 

Table 2 shows the results of impact testing of I ASs of second series. The testing apparatus was basically the same 
as that used in testing the first series, but the impact loading was higher. The load of 20.0 Kg was dropped from a height 
of 1.0 m. producing an initial impact velocity of 4.5 m/s. This series is made to be applicable where the impact energy 
overall Is higher than that in the first series, and the corresponding maximum deformation was 40 mm compared with 

40 20 mm in the first series. 
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Table 2 



10 



15 



20 



25 



40 



45 



Sample No. 


Av. Load 


ini. Peak Value 


Max. Def. Load 


PE6 


2300 


2400 


3500 


CM2 


2600 


4300 


3500 


PE7 


1600 


1500 


1700 


PE8 


1700 


1600 


2000 



Notes: PE (preferred embodiment); CM (comparison) Av. Load 
(average load) Ini. Peak Value (initial peak value); Max. Def. 
Load (load at maximum deformation). All values in newtons. 

FIG 8 shows the results obtained by CM2 tested under the same conditions as those for PE6. and the comparison 
Is equivalent to CM1 In the first series. In this IAS, the height LI of all the rib members (side plates 12A and middle 
plates 14A) is 80 mm The test results in Table 2 show that CM2. as well as CM1 , exhibited a higher initial peak of impact 
load than the average load. In contrast, the peak of impact load in PES is held down low while the value of the load at 
30 maximum deformation for both PE6 and CM1 were the same. 

FIG 9 shows the IAS of PE7. The basic structure of PE7 is the same as that of PE6, thus the thickness of the nb 
members decreases gradually from the base member 11 towards the tip portion 16. A feature which has been added 
to PE7 is that a cut-out section (vacant space) 1 7 has been added such that the width of the cut-out section 1 7 increases 
gradually from the tip portion 16 to the base member 11 as seen in FIG. 9. The dimensions of the cut-out section 17 is 
35 determined so that an increase in the cross sectional area caused by the Increasing thicknesses of the nb members 
12A. 14A is compensated by having the cut-out section 17, thus maintaining approximately a constant cross sectional 
area of the rib members in the direction of impact loading. 

The above-noted structure of PE7 presents an advantage that the load does not increase during the deformation 
process of the rib members caused by an impact loading. This is thought to be the result of approximately constant 
cross sectional area presented atong the direction of impact loading, and therefore the load required for collapsing of 
the rib members does not increase noticeably 

The results of testing PE7 under the same test conditions as PE6 and CM2 are presented in Table 2. For PE7, the 
average load is lower which is consistent with the decrease in the cross sectional area, and the initial peak of impact 
load is further reduced in comparison to PE6. The load at maximum deformation for PE7 is lowered further in comparison 
with PE6 and CM2 This is because the cross sectional area of the regions close to the base member 11 does not 
Increase as the deformation process is continued, consequently the collapsing strength Is maintained constant through- 
out the impact loading process. . . ..^ . . .i„„lQ 
FIG 10 shows the IAS of PE3. Similar to the design of PE7, this structure is also provided with a cut-out section 18 
on rib members 12A so that the width of the cut-out section 18 increases towards the base member 11 to control the 
so variation of the cross sectional area in the deformation process. The cut-out 1 8 is not provided on the interior rib members 
but only on the rib members 12A which constitute the wall section of the IAS of PES. This is a choice made so as to 
facilitate manufacturing, by inserting a core of a shape to correspond with the shape of the cut-out 18 into an imection 

The cut-out 18 provided only on the out r walls performs an equivalent function as the cut-out 1 7 which is provided 
55 on all of the rib members, therefore, the size of cut-out 18 is made to be comparatively large. 

The results of testing PES under the same test conditions as PES are reported in Table 2. For PES. the average 
load is lower which is consistent with the decrease in the cross sectional area, and the initial peak of impact load is 
between that of PE6 and PE7. It is thus noted that the performance of PES is somewhere between those of PES and PE7. 
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FIG. 11 is a graph which summarizes the results of impact testing of preferred embodiments PE1 to PE8. H re. the 
average cross s ctional area of the rib members (S(x) ) is an average of the cross sectional area (S(x)) ot the rib members 
as a function of the displacement (x) along the direction orthogonal to the base member. The average load (F (x) ) is an 
average value of the load (F(x)) detected by the load ceil as a function of the displacement (x). According to this graph. 

5 it can be seen that the correspondence between S(x) and F(x) during impact testing is excellent. Therefore, by using 
these results, it is possible to calculate an average cross sectional area to correspond to a certain impact load, and to 
present suitable impact resisting structures to suit an application. Further, the rib members collapse with time, therefore, 
the displacement (x) is also a function of time. Therefore, the cross sectional area under load and the load change with 
time (t). FIG. 11 shows that cross sectional area (S(t)) and the load (F(t)) also exhibit a correlation. In other words, by 

10 controlling the time-dependent cross sectional area of the rib members which collapse under load, it is possible to obtain 
a pattern for the time-dependent impact resistance strength (F(t)). 

For instance, an example of the impact energy absorptive structures is a requirement for a constant impact resistance 
pattem for F(t). in which case, it is possible to design the rib members so that S(t) becomes constant over the time period 
of application of an impact loading. 

IS The conceptual framework of the present invention has thus been demonstrated that an impact loading can be 

absorbed in a multi-stage collapsing mode in which the impact energy absorbed by the rib member can be varied duhng 
the collapsing of the impact energy absorptive stmctures so as to present a customized absorption to suit an application. 
The concept was illustrated with reference to preferred embodiments and specific examples, but other designs and 
combinations are obviously possible. For example, the concept illustrated in FIGS. 3 to 6 can be applied to combinations 

20 represented by embodiments shown in FIGS. 7, 9 and 10 to generate a suitable IAS of optimum performance. 

Further, the above embodiments were based on uniformly spaced rib members of square shape in a lattice config- 
uration. However, the rib members need not be restricted to square shaped lattice configuration, and other shapes such 
as a triangle or a hexagonal shape can be utilized equally effectively. 

It should be obvious that the numerical values for the sizes and the shapes pertaining to these lASs should be 

2S chosen in association with their structure, end use and manufacturing methods. The method of manufacturing need not 
be limited to injection molding, and compression molding may be used equally effectively. 

In all the preceding embodiments, the rib members protrude from a flat base member and the contact region on the 
rib members is also flat, but it is obvious that both the base member and the contact region can assume cun^ed shapes 
to suit end use applications. 

30 

Claims 

1. An impact energy absorptive structure having a plurality of rib members for absorbing impact energy, said ribs 
3S protruding from a base member in a direction of expected impact loading and being shaped to suit an anticipated 

impact load to be absorbed by said impact energy absorptive stnjcture. 

2. A structure according to claim 1 comprising: 

40 long rib members and short rib members; 

wherein the ratio of the cross sectional area of the long rib members to the total cross sectional area on the 
long and short rib members, measured in a plane perpendicular to the direction of expected impact loading, is 
in a range between 0.3 to 0.8. 

45 3. A structure according to claim 1 or 2 wherein: 

the rib members have a constant width and are arranged in a uniform pattern; and 

a plurality of cut-out sections are provided in said rib members so that the cross sectional area of said rib 
members provides an absorptivity for impact loading. 

so 

4. A structure according to claim 3, wherein said cut-out sections are formed in a plane parallel to a direction of expected 
impact loading. 

5. A structure according to one of claims 3 or 4. wherein said cut-out section is provided by removing intersections of 
SB lattice points formed by said rib members. 

6. An impact energy absorptive structure according to any one of the preceding claims, wherein the cross sectional 
area of said rib members varies in a designed pattem along the expected direction of impact loading. 
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7. A structure according to claim 6. wherein said designed pattern is designed so that the cross sectional ar a of said 
rib members increases from a tip portion of said rib members towards the base member. 

8. A structure according to claim 6 or 7 wherein the width of the rib members increases from a tip portion towards the 
5 base member. 

9. A structure according to claim 6, wherein said designed pattem is a constant cross sectional area in the direction 
of impact loading. 

10 10. A structure according to claim 9, wherein each of said rib members is shaped so that the thickness of said rib 
member decreases from the base member towards a tip portion of said rib member and is provided with a cut-out 
section having a width which increases from said tip portion of said rib members towards said base member. 

11. A structure according to claim 1 or 2, wherein the width of said rib members increases from a tip portion of said rib 
15 members towards the base member 

12. A structure according to claim 1 or 2 having intersecting rib members which are integrally formed with said base 
member, and protrude in a uniform arrangement, 

20 said structure absorbing impact energy by deformatbn of said rib members which are made of a resin. 

wherein a cut-out section is provided to a designed location of said rib members so as to adjust impact absorptive 
characteristics of said impact energy absorptive structure. 

13. A structure according to claim 12, wherein said cut-out section is formed in accordance with a design on a plane 
25 parallel to a direction of expected impact loading. 

14. A structure according to claim 1 3, wherein said cut-out section is provided by removing intersections of lattice points 
formed by said rib members. 

30 15. A structure according to claim 12, wherein said cut-out section is formed in the direction of expected impact loading. 

16. A structure according to claim 13, wherein said cut-out section is provided with a cross sectional area which varies 
in a designed pattern along the direction of expected impact loading. 

35 17, A structure according to claim 16, wherein said designed pattern is designed so that the cross sectional area of the 
intersecting rib members increases from a tip portion of said rib members towards the base member 

18. A structure according to claim 17, wherein the width of said rib members increases from said tip portion towards 
said base member 

40 

19. A structure according to claim 16, wherein said designed pattem is a constant cross sectional area in the direction 
of impact loading. 



'^JSOOClD: <EP 0705994A2_L> 



9 



EP 0 705 994 A2 



F / G. 7 




10 



EP 0 705 994 A2 



F / G, 3 




F / G. 4 




13 I I 



3.NSDOCID: <EP 0705994A2J_> 



11 



EP 0 705 994 A2 



F / G. 5 




F / G. 6 




3NSDOCID: <EP 0705994A2_t_> 



12 



EP 0 705 994 A2 



F / G. 7 




MSDOCIO: <EP 070599'4A2J.> 



13 



EP 0 705 994 A2 



F / G. 9 




3NSDOCID: <EP 0705994A2J_> 



14 



EP 0 705 994 A2 



F J G. 7 7 



6 I 1 1 ' ' ' r 




500 1000 
Average rib cross sectional area (min^) 



8NSOOCID: <EP 0705994A2J_> 



15 



(19) 



Eur paisch s Pat ntamt 
Eur pean Patent Otflce 
Office europeen d s br v ts 



I 



(12) 



(11) EP 0 705 994 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

12.02.1997 Bulletin 1997/07 

(43) Date of publication A2: 

10.04.1996 Bulletin 1996/15 

(21) Application number: 95307043.0 

(22) Date of filing: 04.10.1995 



(51) Intel 6: F16F7/12 



(84) Designated Contracting States: 
DE FR GB IT 

(30) Priority: 04.10.1994 JP 264647/94 
22.12.1994 JP 336020/94 

(71) Applicant: SUMITOMO CHEMICAL COMPANY 
LIMITED 

Osaka-shi, Osaka 541 (JP) 

(72) Inventors: 

• Togawa, Yoshiaki 
Ichibara-shi, Chiba (JP) 



• Matsumoto,Masahito 
Ibaraki-shi (JP) 

• Nagata^Makoto 
Ichihara-shi, Chiba (JP) 

• Yabe,Toru 
Ichihara-shi, Chiba (JP) 

(74) Representative: Senior, Alan Murray 
J.A. KEMP & CO., 
14 South Square, 
Gray's Inn 

London WC1 R 5LX (GB) 



(54) Impact energy absorptive structure 

(57) An impact energy absorptive structure is made 
of plastic materials suitable for moulding processing, 
and is designed to suit different degrees of impact load- 
ing anticipated in various applications. The impact en- 
ergy absorptive structure is composed of a base mem- 
ber 11 and protruding rib members including long and 



short member, in which the proportion of the cross sec- 
tional area of the long rib members is between 0.3 to 0.8 
of the total cross sectional area of the rib members. Oth- 
er design modifications can be made readily to custom- 
ize the impact resistance of the impact energy absorp- 
tive structures. 




^.NSDOCIO: <EP 070S994A3_i_> 



EP 0 705 994 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppUcatias Number 

EP 95 3G 7043 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cctcgory 



Caetian of docuowftt vritii indicsaon, vrbsre appropriate, 
of rctevcnt passages 



Relevant 
to daim 



CLASSmCATION OP THE 
APPUCATION antCL6) 



P.A 



PATENT ABSTRACTS OF JAPAN 

vol. G07, no. 047 (M-196) . 24 February 

1983 

& JP-A-57 195938 (MITSUI PORIKEMIKARU KK) , 
1 December 1982, 
* abstract * 



FR-A-2 277 277 (SAAB SCANIA AB) 30 January 
1976 

* the whole document * 



FR-A-2 149 827 (MCCORD CORP.) 30 March 
1973 

* the whole document * 



U5-A-5 433 478 (NARUSE YASUMICHI) 18 July 
1995 

* abstract; claim 6; figures * 



FR-A-2 698 932 (DIETRICH & CIE DE) 10 June 
1994 

* page 6, line 28 - page 7, line 2; claim 
8; figures * 

US-A-5 431 442 (TOMITA NORIHIRO ET AL) 11 
July 1995 

* the whole document * 

US-A-5 326 130 (GEDEON DALE G ET AL) 5 
July 1994 

* column 3; figure 2 * 

-/" 



F16F7/12 



2-4,6,7, 
9,12,13, 
15-17,19 
8.11,18 

2.3,12, 
16 

5,10,14 
6,9.19 



7.17 
10 

4,13.15 



The present seercfa report has been 4ra\7ta up For zh daons 



TECHNICAL FIELDS 
SEABCHED (lot-CL^) 



F16F 
B60R 



PIZtt of UZTtb 

THE HAGUE 



Ddt ef cas^telias of lbs ttmjx 

17 December 1996 



Pemberton, P 



CATEGOftY OF OTEO DOCUMENTS 

X : particutarty relevant it taken alone 

Y : particulariy relevant if combined with anbthcr 

docaoent of tbe same cate^ry 
A : technological backeroioid 
O : ooQ-vrrHten disclosure 
P : intemciliate document 



T : tfeeoty or principle undcrlyiBg the invcDtlon 
E : earlier patent document, but pabUshed on, or 

3tt« the ftling date 
D *. docoment died in the application 
L : docuroc&l cited for other reasons 



& : member of the sane patent facaily, corresponding 
document 



2 



07059&AA3_I_> 



EP 0 705 994 A3 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Appticatios Nu»bcr 

EP 95 30 7043 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with tndicadon, wten appropriate, 
of retevant pasyagex 



Relevant 
to daim 



cLASSincvnuN of the 

APPUCATION Ont.CLti) 



P,A 



A 
A 



DE-A-195 05 935 (TOYOTA MOTOR CO LTD) 24 
August 1995 

* the whole docunient * 

WO-A-89 09349 (BRIGANTINE AIRCRAFT) 5 
October 1989 

* abstract; figures * 

AUTOMOTIVE ENGINEERING, 
vol. 101, no. 5, 1 May 1993, 
pages 43-47, XPG00304014 "DUCTILE 
THERMOPLASTIC IMPACT STRUCTURES" 

* the whole document * 

US-A-5 069 318 (KULE5HA RICHARD L ET AL) 
3 December 1991 

DE-A-44 Gl 865 (VOLKSWAGENWERK AG) 11 
August 1994 



TECHNICAL RELDS 
SEAROiEO (lm.a.6> 



The present search report has been drawn up for all claims 



THE HAGUE 



OMe mi CMpMlM at tin t*m\k 

17 December 1996 



Pemberton, P 



CATEGORY OF CITED nOOIMENTS 

X : panicitiarty relevant H taken alone 

Y : parhoilariy rdewit tl combined mth moiher 

doaonenT of the same catetroiy 
A : tectinolDgical background 
O : non-mttten disclosure 
P : ioienaediate dacument 



T : theory or prindple underlying <he bivetitioo 
E : earlitf patent document* but pubUsbed on, or 

after the filinf; date 
D : document dte6 in the application 
1. : document dted for other reasons 



& : member of the same patent family, coirespondtnR 
docaraeot 



3 



1 

/ 



THIS PAGE BUMK^us^o' 



